C urrently, ≈40 million people worldwide are infected with HIV, with 40 000 new cases each year in the United States. 1 Among European countries, France, along with Spain and Italy, is one of the most severely affected by HIV. Today in France, the number of people who discover their HIV infection per year is stable at between 6000 and 7000 cases. The number of patients living with HIV is increasing (from 106 000 in 1996 to 130 000 in 2005), in part because of the use of antiretroviral therapies. 2 Since 1996, highly active antiretroviral therapy (HAART) has been available in industrialized countries, making HIV a chronic infection rather than a fatal disease. 3 However, over the past 25 years, cardiovascular disease, especially coronary heart disease, has become the fourth-leading cause of death in these patients. 4 Recently, it has been shown that the incidence of myocardial infarction (MI) in HIV-positive patients was higher than that in the general population. 5 Chronic inflammation, immunosuppression, and antiretroviral treatment, particularly with protease inhibitors, as well as the high prevalence of certain risk factors such as smoking and dyslipidemia, are responsible for the early development of atherosclerosis in this sample. [6] [7] [8] [9] [10] 
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Previous studies have focused on the characteristics, management, and prognosis of HIV patients during an acute MI (AMI). [11] [12] [13] [14] [15] These studies demonstrated that HIVinfected patients had the same treatment at the acute phase, but that the rates of recurrent AMI and urgent percutaneous coronary intervention (PCI) during follow-up were higher than in HIV-uninfected patients. Unfortunately, in-hospital mortality could not be studied because there were too few patients (between 20 and 103). [11] [12] [13] [14] [15] [16] [17] The main objective of the present study was to determine the influence of HIV infection on in-hospital mortality within a large national cohort of patients with AMI. The second objective was to compare the 1-year prognosis in HIV-infected patients with that in HIVuninfected patients.
Methods

Selection of Patients
The data for all patients admitted for AMI in France from January 2005 to December 2009 were collected from the national administrative database, the PMSI (Program de Medicalisation des Systèmes d'informatique), inspired by the US Medicare system. The reliability and validity of PMSI data have already been assessed. 18, 19 Since 2004, each hospital's budget has depended on the medical activity described in this specific program, which compiles discharge abstracts related to all admissions in the 1546 French healthcare facilities, whether public or private. Information in these abstracts covers both medical and administrative data, including social security number, date of birth, and sex. These data are rendered anonymous, which makes it possible to link discharge abstracts related to a given patient, as usually done with Medicare data. Routinely collected medical information includes the principal diagnosis, secondary diagnoses, and procedures performed. Diagnoses identified during the hospital stay are coded according to the International Classification of Diseases, Tenth Revision (ICD-10). To avoid iatrogenic AMI, we selected patients in whom a diagnosis of MI was present as the primary discharge diagnosis. This approach was taken to specifically focus on patients who presented with acute myocardial ischemia and not those with AMI secondary to surgery, hypotension, or other events after admission. 20 In cases of multiple admissions of a patient for an AMI, only the first stay was included in our final analysis to avoid counting the same patient twice. MI was defined by an increase in serum troponin I (higher than the upper limit of the hospital's normal range) and clinical symptoms of ischemia or characteristic ECG signs. ST-segment-elevation MI (STEMI) was diagnosed when new STsegment elevation of ≥1 mm was seen in any location or when new left bundle-branch block was found on the qualifying ECG. MI was selected with ICD-10 codes I21 ("myocardial infarction") and codes I22 and I23. The present study population was dichotomized into patients with STEMI (codes I21.0, I21.1, I21.2, I21.3, and I21.9) and patients without STEMI (code I21.4). Transmural MI was classified as STEMI and subendocardial as non-STEMI. Among these cases, the HIV-infected group was identified with the HIV comorbidity codes reported in the PMSI database, based on the following codes: B20, HIV disease causing infectious and parasitic diseases; B21, HIV causing malignant tumors; B22, HIV disease resulting in other specified diseases; B23, HIV disease resulting in other conditions; B24, HIV without precision; B24-1, HIV infection in the AIDS stage; and Z21, asymptomatic HIV infection. Two subpopulations were then constituted: HIV-uninfected patients and HIV-infected patients.
Variables
Demographic variables included age and sex. From the national administrative database, we included the following: (1) Risk factors for cardiovascular diseases and comorbidities such as smoking, high blood pressure (hypertension), diabetes mellitus, obesity, dyslipidemia, atrial fibrillation, peripheral artery disease, and renal failure, as well as type of MI; (2) revascularization procedures, including angioplasty (PCI: balloon angioplasty) and coronary artery bypass grafting; and (3) AIDS stage. In-hospital mortality was defined as deaths during the index hospitalization in the PMSI data set. By use of the unique hospital identifier, surviving patients were followed up during the 1-year period after the index hospitalization. Patients who were rehospitalized for a major cardiac event (nonfatal recurrent AMI, stroke, need for revascularization by PCI or coronary artery bypass grafting, hospitalization for heart failure, and in-hospital death) were tagged again in the PMSI database as a case and analyzed. Follow-up data were reported for most patients (73%).
Charlson Comorbidity Index
Given the importance of risk factors to prognosis and the difference in comorbidities between the 2 groups, we also calculated a modified Charlson Comorbidity Index (CCI) as a marker of comorbidity. 21 The genuine CCI assesses the number and severity of comorbid conditions. It is a numerically weighted score composed of 17 comorbid conditions (congestive heart failure, chronic pulmonary disease, cerebrovascular disease, dementia, diabetes mellitus without complications, liver disease, peptic ulcer disease, peripheral vascular disease, rheumatologic disease, hemiplegia or paraplegia, diabetes mellitus with complication, malignancy, renal disease, metastatic solid tumor, and HIV/AIDS). We used a modified CCI index that excluded HIV as a component of the score.
Statistical Analysis
The characteristics of the 2 groups (HIV-infected and HIV-uninfected patients) were first compared considering the overall population (n=277 303). Binary variables were compared with the χ 2 test or the Fisher exact test. The results for the different variables are expressed as percentages. Continuous variables were compared with the Student t test or the Mann-Whitney test. The results of the different variables are expressed as means and standard errors. Given the large difference in age and sex between the 2 groups and the major impact of such factors on the prognosis after AMI, we performed additional analyses by matching each patient from the HIV group with 2 HIV-uninfected patients for age and sex. The patients were matched by a simple random sampling without replacement because of the large number of controls. We formed 2 groups: 608 HIV-infected patients matched with 1216 HIV-uninfected patients on the 2 criteria. The characteristics of the 2 groups in this matched cohort were compared by a conditional logistic regression for binary variables and the Friedman test for continuous variables. A multivariable conditional logistic regression analysis was used to assess independent correlates of heart failure in the matched cohort (n=1824). All correlates of hospitalization for heart failure have been tested in univariate analysis. The variables that were significant with a 10% threshold (HIV infection, diabetes mellitus, history of ischemic cardiomyopathy, and undergoing PCI) were included in a multivariable analysis as the first model. A second model was performed with HIV infection, history of ischemic cardiomyopathy, the modified CCI index (ie, without HIV as a component of the index), and PCI as covariates in the model but without diabetes mellitus, to avoid multicollinearity (diabetes mellitus is a component of the CCI index). Odds ratios were calculated with their 95% confidence intervals. All tests were 2-sided. P<0.05 was considered statistically significant. All analyses were performed with SAS software (version 9.2, SAS Inc, Cary NC).
Results
Whole Cohort (n=277 303)
Over the 5 years studied, 277 303 patients hospitalized with AMI were included. The prevalence of HIV infection was 0.22% (608 patients). Of these, most 539 (89%) were men, compared with 183 533 (66%) in the uninfected group (P<0.001). The mean age was 50.0±10 years in HIV-infected patients compared with 68.3±14.9 years in HIV-uninfected patients (P<0.001). More than 90% of the HIV patients were <65 years old (Table 1) . Patient demographics and coronary risk factors are given in Table 1 . In-hospital mortality was significantly lower in the HIV-infected group than in the HIVuninfected group (3.1% versus 8.1%, P<0.001). Surviving patients were followed up for 1 year after discharge for the occurrence of major cardiac events (Table 2 ). Recurrent AMI, stroke, and the need for revascularization in both infected and uninfected patients were similar. The rate of hospitalization at 1 year for heart failure and all-cause hospital mortality was lower in the HIV-infected group (3.3% versus 7.0%, P=0.002, respectively, and 1.4% versus 5.5%, respectively, P<0.001).
Matched Cohort (n=1824)
In this sample matched for age and sex, HIV infection was associated with a lower likelihood of hypertension and obesity (17.4% versus 22.1%, P=0.020, and 3.1% versus 11.0%, P<0.001, respectively; Table 3 ). The proportions of smokers and of those with diabetes mellitus and dyslipidemia were similar for the 2 groups. HIV patients presented an increased risk according to CCI score compared with non-HIV-infected patients (P<0.001). Ischemic cardiomyopathy was more frequent in the HIV group (7.6% versus 4.2%, P=0.003). A history of atrial fibrillation was less frequent in the HIV group (1.1% versus 3.0%, P=0.017). The proportions of patients with a history of peripheral artery disease and renal failure were no different in the HIV and non-HIV-infected group). Although the rate of STEMI was similar for both groups (90% versus 91%, P=0.752), the rate of revascularization by PCI was slightly higher in HIV-infected patients (66.4% versus 61.7%, P=0.047). In-hospital mortality, which was low, was similar for the 2 groups (3.1% versus 2.1%, P=0.168). Regarding symptomatic versus asymptomatic status in HIVinfected patients, in-hospital and 1-year outcomes were similar. Analysis of major cardiac events at 1 year after hospital discharge showed that the prognosis in HIV patients was very similar to that in noninfected patients for recurrent MI, stroke, the need for coronary artery bypass grafting, and all-cause mortality. However, patients with HIV infection were twice as likely as their matched noninfected patients to be rehospitalized for episodes of heart failure (3.3% versus 1.4%, P=0.020). HIV infection, diabetes mellitus, history of ischemic cardiomyopathy, and undergoing PCI were associated, in univariate analysis, with occurrence of heart failure. By multivariable analysis, HIV infection (odds ratio, 2.82; 95% confidence interval, 1.32-6.01), diabetes mellitus, and undergoing PCI remained independent predictors (Table 4 ). A second model that included the same variables but had diabetes mellitus replaced by the modified CCI score showed that HIV remained a predictor of risk for heart failure. This result was confirmed by Kaplan-Meier analysis (log rank=0.0203; Figure) .
Discussion
Our study identified 277 303 patients admitted for AMI over a period of 5 years, which corresponds to ≈56 000 cases per year. Six studies were published between 2003 and 2010 on the topic, and in only 1 of these did the number of subjects included exceed 100 patients (103 HIV-infected patients, with 195 patients in the control group). 11, 13, 14, 16, 17 With 608 HIV patients with AMI, the sample in the present study is the largest to date on this subject. Therefore, we were able to compare the characteristics and mortality in AMI on a large scale; in addition, the present study is the only nationwide study on this subject.
Previous studies showed that HIV-infected patients were younger, more frequently male, and more likely to be smokers. [11] [12] [13] [14] [15] 17 However, only 4 of those studies included a control group of uninfected patients, [12] [13] [14] 17 and only 2 of the studies 12,14 matched the 2 groups for age, sex, and type of MI. In the present study, the prevalence of diabetes mellitus and hypertension was lower in HIV patients than in non-HIVinfected patients, and these results are in agreement with 2 other studies by Boccara et al 12 and Hsue et al, 13 who found similar values (20% and 10%, respectively). With regard to comorbidities, atrial fibrillation was less common among HIVinfected patients, probably because of their age and the lower prevalence of hypertension. It is clearly established that HIV infection and antiretroviral drugs may be responsible for lipid disturbances. 22 From the PMSI database, no data were available on the HIV treatment; however, recent national data indicate that 85% of the infected subjects are currently under HIV treatment, which strongly suggests that in the HIV population in the present study, most patients had been prescribed HIV medications. 2 The proportions of dyslipidemic patients in the 2 groups in the present study were similar to those in the study by Hsue et al, 13 but the present study was unable to differentiate between hypercholesterolemia and hypertriglyceridemia. Nevertheless, Boccara et al 12 and Hsue et al 13 showed a higher frequency of hypertriglyceridemia in infected patients but similar cholesterol levels. In the present study, the percentage of STEMI was 90% in HIV-infected patients, and previous studies have reported similar rates. 12 The young age of people with HIV explains this trend, and Rosengren et al 23 demonstrated an inverse association between age and the likelihood of the AMI being an STEMI. The proportion of patients undergoing PCI during the acute phase was roughly similar (66.4% versus 61.7%, P=0.047) in the 2 groups in the matched cohort and was close to that reported by Boccara et al. 12 Moreover, there was no significant difference in the rate of overall revascularization (PCI or coronary artery bypass grafting; HIV 66.8% versus no HIV 62.7%, P=0.094). However, the study by Boccara et al 12 excluded patients with a previous history of cardiovascular disease (MI, angina, heart failure, and pulmonary hypertension), cardiogenic shock, and diseases that shortened life expectancy. In addition, Hsue et al 13 and Ambrose et al, 11 who did not exclude such patients, reported PCI rates of 43% and 50%, which are lower than in the present study. Finally, the European expanded GRACE registry (Global Registry of Acute Coronary Events) reported a PCI rate of 55% in 2009. 25 Moreover, the European GRACE Registry reported an in-hospital mortality of 6.8% in 2005 (4.6% and 2.2% for STEMI and non-STEMI, respectively). 26 A Danish team studied mortality after a first MI in 44 HIV patients compared with a matched control group of uninfected patients (1:4 ratio) 27 ; the authors compared mortality at 90 days and at 5 years and found no significant differences throughout the follow-up. Finally, a recent study by Martin-Reyes, 17 which included 23 HIV patients with AMI, all of whom had PCI, showed no significant difference for in-hospital mortality (8.7% versus 1.7%), even though 2 patients died in the HIV group.
One-Year Prognosis
The study of the prognosis at 1 year showed a similar risk of major adverse cardiac events, including recurrent AMI, among those with and without HIV infection. Boccara and colleagues 12 found no differences between the 2 groups (10% versus 9%, hazard ratio = 1.4, 0.6-3.0, 95%) for a combined criterion (cardiovascular mortality, recurrent acute coronary syndrome, new coronary revascularization, or stroke). The results of the present study are in agreement with these findings. However, Boccara et al 12 reported a higher rate of recurrent acute coronary syndrome in HIV patients during the first year of follow-up (9% versus 3%; hazard ratio, 6.5; 95% confidence interval, 1.7-23.9). These discrepancies regarding late recurrent events may be explained by the following: (1) The authors included as an outcome recurrent acute coronary syndrome, including unstable angina, which is a heterogenous and less well-defined clinical entity with only a small number of events in both the HIV and non-HIV-infected groups (n=9 and n=5, respectively). (2) Our database, which included a more contemporary cohort, may reflect improved current acute management of MI, including the increased use of drugeluting stents. Recent data have shown that drug-eluting stent use in HIV patients is safe and efficacious and reduces the impact of drug compliance in the long term. 27 However, this conclusion remains purely speculative, because no data were available on the use of drug-eluting stents in the database in the present study. Interestingly, we found a trend toward a greater need for revascularization by PCI in the HIV-infected group, which is in line with the trend toward a higher rate of target-lesion revascularization in such patients.
In addition, we found an increased risk of hospitalization for heart failure in the year after the acute event in the HIV group. There are several hypotheses regarding this increased risk of heart failure. One is that HIV infection itself, which increases the inflammatory burden and stent thrombosis, as well as compliance with treatment in HIV patients, may affect the prognosis. This difference in prognosis was also reflected by the slightly higher proportion of PCI revascularization procedures among HIV patients, even though the difference was not significant. However, angiographic data and information about compliance with cardiovascular drugs were not available in the present study. Because more patients in the HIV cohort had primary PCI, and there was no difference in the rate of stent thrombosis, as reflected by recurrent MI after discharge, HIV-related inflammation or stent thrombosis may have not accounted for or only weakly accounted for the increase in heart failure in the present study. An interesting study using data from a contemporary US medical center database analyzed the outcomes from HIV-infected patients with coronary artery disease who had undergone PCI between 2000 and 2007 and who received bare-metal stents or drugeluting stents. The authors concluded that the rate of major adverse cardiac events, including coronary revascularization, nonfatal MI, and cardiovascular death, was similar for HIVinfected and non-HIV-infected patients and that treatment with drug-eluting stents in the HIV population was safe and efficacious. Moreover, the authors showed that in the HIVinfected patients, the impact of compliance with cardiovascular drugs on major adverse cardiac events in the long term (3.1 years) appeared to be reduced. 28 Another hypothesis concerns the fact that asymptomatic systolic and diastolic ventricular dysfunction remains frequent in HIV-infected patients, even in the HAART era, 29 and is only partially understood. The influence of antiretroviral drugs on the cardiovascular system is still a matter of debate, and accurate single-drug effect analyses remain challenging. Cardiomyopathy is still the most frequent cardiac manifestation, and the occurrence of AMI often marks a turning point in these patients, who often present with asymptomatic left ventricular dysfunction. In the present study, prior ischemic cardiomyopathy was more common in HIV patients, which may explain, at least in part, the higher risk of heart failure after AMI; however, the impact of cardiac dysfunction on prognosis remains to be explored. Therefore, further follow-up data are necessary to confirm these findings even in the HAART era. Additional studies are needed to evaluate the impact of these dysfunctions on long-term survival and quality of life. Whether these patients require more intensive management at follow-up with drugs used for heart failure (eg, angiotensinconverting enzyme inhibitors, β-blockers, and mineral corticoid receptor antagonists) remains to be demonstrated. 30 In the present study, it seems likely that most HIV patients were undergoing therapy with HAART, as shown in the Boccara study, because HAART is available and free in France; however, this conclusion remains purely speculative, because no data were available on the use of HAART in our database.
Smoking cessation and goals for low-density lipoprotein cholesterol are potential target to optimize the follow-up after AMI; however, full control of the risk factors for cardiovascular diseases remains challenging. Boccara et al12 showed that during follow-up, only 50% of HIV patients were weaned off smoking versus 80% in the control group (P=0.002); however, the impact of secondary prevention remains to be explored, given that the risk of recurrent MI and cardiovascular death was similar for the 2 groups.
Another hypothesis concerns the lack of compliance with treatments, which is estimated at only ≈60% in HIV patients. 31, 32 Treatment compliance with β-blockers, an association of platelet aggregation inhibitors, statins, angiotensin-converting enzyme inhibitors, and the correction of cardiovascular risk factors (known as BASIC) is crucial in postinfarction patients, because these drugs have proved to be effective against mortality and the risk of recurrence. [33] [34] [35] [36] Characterization of the risk associated with the HIV group is indeed crucial for management and prevention strategies in such patients. Whether the risk is driven by different risk factors may be addressed in the matched cohort, which showed either similar rates of smoking, diabetes mellitus, and dyslipidemia or even a favorable risk profile (less hypertension and obesity) in the HIV group. Therefore, these findings strongly suggest the lack or weak impact of such variables on the reported risk found in the HIV group. Moreover, multivariable analysis showed that HIV conferred a strong 240% (P=0.007) increased risk, which further strengthens the hypothesis of an independent impact of HIV or HAART on the occurrence of heart failure. However, we cannot exclude the possibility of other unmeasured confounding that would drive the prognosis. No data are available regarding HIV status in relation to mortality, but the discrepancy in the context of increased risk of heart failure reported in HIV patients emphasizes the fact that physicians need to be aware of the risks in such patients and be particularly aware of secondary prevention after an acute coronary event. In addition, the present study included patients with documented AMI, and the cohort included a wide spectrum of patients with AMI, thereby offering a real-life perspective of the presentation, management, and outcomes of AMI.
Study Limitations
Given the reliance on ICD-10 codes for the selection of patients and the ascertainment of outcomes, there was a potential for misclassification-or underdetection-related biases. However, the demographic characteristics, risk factors, and outcomes of the present study population were very similar to previous French epidemiological studies of AMI or MI registries that used validated standardized data collection and data quality checks.
12,37 Even though we cannot exclude the bias of misclassification or underdiagnosis, they may have only a minor impact on the findings. Because testing for HIV was not mandatory in the present study cohort, we must assume that a very few (0.09%) 38 patients in the control group (HIV uninfected) may have been infected with HIV but undeclared, corresponding to only 1 or 2 undiagnosed HIV patients in the control group of the matched cohort. This rate is too weak to have a major impact on the findings. Only a limited amount of quantitative information is available, and we could not differentiate between subjects treated with antiretroviral drugs and those without such treatment. It is now recognized that protease inhibitors in particular increase the risk of MI. 6 In addition, the CD4 count and viral load could have been listed, because they are known to be prognostic factors in these patients. However, rates of acute procedures such as PCI were found to be slightly higher in the HIV group (66% versus 62%), which suggests that HIV patients were not undertreated in the acute phase. Moreover, recent data from the literature on smaller samples also suggested that initial management in HIV patients and control subjects was similar, which further reinforces the hypothesis that there are no differences in acute treatments. The same could be said for left ventricular ejection fraction and coronary artery disease.
The retrospective design of the present study and the incomplete data drive its limitations. However, the retrospective nature of the present study was similar to most previous works on this topic, and the present findings are consistent with the conclusions of a major prospective study 12 that suggested the key role of secondary prevention in HIV patients after AMI. There are no contemporary data in either our data set or the literature on long-term medications taken by HIV patients in the secondary prevention of AMI. Moreover, in HIV patients, although adherence to medications may be particularly difficult, it is a primary determinant of the clinical course. 39 One shortfall of the design of the present study is obviously the lack of data regarding adherence to treatments during the follow-up period, as well as discharge treatment, or important predictors of prognosis after MI (time to reperfusion, left ventricular ejection fraction, creatine kinase or troponin peak), which may have negatively influenced the prognosis. The rate of loss to follow-up in the study was high (27%). Differential attrition can lead to significant selection bias and distortion of the outcomes of interest. To determine whether the high rate of loss to follow-up may have significantly affected the prognosis, we further compared baseline characteristics of those who were lost to follow-up with the characteristics of the tagged hospitalized patients, including age, sex, and HIV status. We found no significant difference for the 2 populations (with versus without hospitalization), which strongly suggests that the subgroup of patients without tagged hospitalization may not profoundly impact our findings.
Despite these limitations, the strength of our results is related to the large size of our sample (608 patients with HIV in a total of 277 303 patients with AMI), with a national recruitment. Finally, the results of the present study may be specific to the French healthcare system and its financial resources and cannot be generalized a priori to other countries with different healthcare systems or different levels of funding.
Conclusions
The present study confirmed that in HIV patients, although traditional risk factors are no worse, infarct occurs at a younger age. In our nationwide study, short-and long-term mortality in HIV-infected patients was similar to that in uninfected patients. However, we observed a higher rate of heart failure in infected patients, which emphasizes the importance of secondary prevention in these patients. Prospective studies are needed to specifically address the levels of treatment adherence and management of risk factors in such populations and their impact on the prognosis.
